The efficient medical treatment of infections requires detailed information about the pathogens involved and potential antibiotic-resistance mechanisms. The dramatically increasing incidence of multidrug-resistant bacteria especially highlights the importance of sophisticated diagnostic tests enabling a fast patient-customized therapy. However, the current molecular detection methods are limited to either the detection of species or only a few antibiotic-resistance genes. In this work, we present a human pathogen characterization assay using a rRNA gene microarray identifying 75 species comprising bacteria and fungi. A statistical classifier was developed to facilitate the automated species identification. Additionally, the clinically most important b-lactamases were identified simultaneously in a 100-plex reaction using padlock probes and the same microarray. The specificity and sensitivity of the combined assay was determined using clinical isolates. The detection limit was 10 5 c.f.u. ml 21 , recovering 89 % of the detectable b-lactamase-encoding genes specifically. The total assay time was less than 7 h and the modular character of the antibiotic-resistance detection allows the easy integration of further genetic targets. In summary, we present a fast, highly specific and sensitive multiplex pathogen characterization assay.
INTRODUCTION
The major challenge concerning molecular diagnostic tests for pathogen characterization is the huge number of different genetic targets. To date, more than 950 naturally occurring b-lactamases conferring resistance to the most important class of antibiotics, the b-lactams, have been described (Bush, 2010) . As a direct consequence of their high phylogenetic age (two billion years), the overall sequence conservation is relatively poor (Hall & Barlow, 2003 , 2004 . In addition to these enzymes, more than 500 acquirable antibiotic-resistance genes conferring resistance to other antibiotic classes are also disseminated among pathogens, and thousands of single nucleotide polymorphisms (SNPs) in antibiotic-resistance or housekeeping genes alter the drug susceptibility and, thus, have to be characterized as well (Zankari et al., 2012) . Additionally, more than 100 different pathogenic species have to be differentiated based on phylogenetic marker genes. In conclusion, it becomes evident that sophisticated diagnostic methods are necessary to detect all these gene targets using ideally only a single test.
Today, the most convenient DNA-based diagnostics tests are using real-time PCR, which provides a high sensitivity, low cost, low hands-on-time and fast data retrieval. Some PCR-based commercial diagnostic tests, such as the SepsiTest or the SeptiFast, can even analyse direct patient samples within a few hours upon sampling and, thus, avoid the time-consuming cultivation step (Wellinghausen et al., 2009; Mussap et al., 2007) . However, PCR-dependent tests are limited to a few genetic targets due to the poor multiplex capabilities of the PCR (Leinberger et al., 2010; Dallenne et al., 2010; Cuzon et al., 2012) . Several microfluidic-based systems have been developed to increase the PCR multiplexing, but the high number of genes that have an impact on antibiotic resistance and virulence makes PCR impractical for the characterization of pathogens. In contrast, the cultivation-dependent MALDI-TOF MS is highly popular in clinical laboratories due to the high speed, acceptable identification accuracy and low cost per analysis. Although cultivation-based characterization methods are dominant in clinical laboratories today, the long time-period to start a potentially life-saving antibiotic treatment optimization is problematic, especially in the light of emerging multidrugresistant pathogens. DNA-based multiplex detection methods have the potential to characterize the pathogens directly from the patient samples and provide results within a few hours upon sampling.
Today, the best performing multiplex methods are based on padlock probes, which are linear DNA probes that anneal, circularize and get ligated when bound to a DNA target (Hardenbol et al., 2005; Nilsson et al., 1994) . The applications that have been developed based on this probe type include multiplex genotyping, the targeted amplification of human exons for resequencing and large-scale SNP analysis (Hardenbol et al., 2005; Banér et al., 2003; Porreca et al., 2007) . In addition, a padlock probe-based assay was designed to identify the clinically most important b-lactamases and used for the characterization of clinical isolates (Barišić et al., 2013 (Barišić et al., , 2014 .
In this study, we present a multiplex assay identifying the most important microbial pathogens and b-lactamaseencoding genes using padlock probes and a single rRNA gene microarray in combination with a statistical classifier for the automated pathogen identification. The antibioticresistance detection is based on a previously developed padlock probe assay that was significantly improved in this work, enabling pathogen characterization within 1 working day. The sensitivity and specificity of the combined assay were evaluated using genomic DNA from clinical isolates.
METHODS
Samples. The rRNA gene microarray was evaluated with 323 clinical isolates comprising 45 Gram-negative, 27 Gram-positive and 3 fungal species (Table S1 , available in the online Supplementary Material). The applied clinical isolates were identified in the routine clinical microbiology laboratory of the Vienna General Hospital, Vienna, Austria, accordingly with the procedures suggested by the Manual of Clinical Microbiology for the different genera and species. The isolates were cultured in CASO bouillon at 37 uC overnight. Then, the cells were centrifuged at 2400 g for 5 min, and the pellet was washed in 1| PBS buffer. This step was repeated once. Subsequently, the cells were resuspended in ddH 2 O and disrupted using a MagNA Lyser (Roche) at 6500 r.p.m., for 30 s, twice. One millilitre cell suspension was treated in the MagNA Lyser using a mixture of acid-washed glass beads (150-212 and 425-600 mm; Sigma Aldrich) at equal quantities in order to reach optimal lysis of bacteria as well as yeasts. The 30 s steps were interrupted by a 5 min pause. Finally, the cells were thermally lysed at 95 uC for 20 min. The supernatant was used in the subsequent experiments to evaluate the rRNA gene microarray.
Twenty b-lactamase-positive clinical bacterial strains were used to evaluate the combined detection of the pathogen species and blactamase-encoding genes. The whole genome of these strains was sequenced in a previous work (Barišić et al., 2014) . The bacterial cells were grown in LB medium at 37 uC overnight, and the genomic DNA was extracted using a NucleoSpin Tissue kit (Macherey-Nagel) according to the manufacturer's instructions, with a slight modification because the DNA was eluted in ddH 2 O instead of elution buffer.
Oligonucleotides and microarray processing. The microarray probe design and analysis were performed with the ARB software package (Ludwig et al., 2004) . Selected rDNA (rRNA) sequences of pathogenic bacteria and yeasts were downloaded from GenBank and uploaded to the ARB software package. In total, 412 microarray probes were designed for selected species and genera using the probe design function of the ARB software allowing the adjustment of parameter settings such as maximum non-group hits, melting temperature, G+C content and minimum hairpin loops. For correct species identification, a probe set of 136 probes were found sufficient. The microarray probe sequences were tested for secondary structures and their melting temperature with the integrated software 'Oligo'. Subsequently, the probes were manually optimized regarding melting temperature and duplex formation by deleting or adding bases. The final probe sequences were checked with the Probe Match function in ARB and are shown in Table S2 .
The genes of the following b-lactamases were targeted with the padlock probe-based assay: CTX-M-1, IMP-1, ACT-1, OXA-1, CTX-M-2, IMP-24, CMY-1, OXA-2, CTX-M-8, VIM-1, CMY-2, OXA-23, CTX-M-9, VIM-2, DHA-1, OXA-24, CTX-M-25, NDM-1, FOX-1, OXA-48, GES-1, MIR-1, OXA-51, IMI-1, OXA-58, KPC-1, PER-1, RTG-4, SFO-1, SHV, SME-1, TEM and VEB-1. The PCR primers for the preamplification of these 33 b-lactamase-encoding genes in a multiplex reaction were designed using Primer3 (Table S3 ). Two padlock probes were used to target the ends of each PCR pre-amplification product resulting in 66 padlock probes (Table S4 ). Every padlock probe contained two regions for specific target recognition at its 39 and 59 end, a universal sequence for circle-to-circle amplification (C2CA) and a unique barcode for microarray detection. The rRNA gene sequences of the targeted pathogens were used as unique barcodes on the padlock probes. Thus, it was possible to detect the Atto532-labelled padlock probe and the Cy5-labelled rRNA gene amplification products using a single microarray probe but different fluorescence channels. The mode of action of the probes and the parallel detection reaction is illustrated in Fig. 1 . The microarray oligonucleotides and PCR primers were ordered from Microsynth. The 59-amino-modified microarray probes were spotted onto glass slides with an aldehyde surface (VSS-25F silylated slides; CEL Associates) using the Omnigrid contact arrayer (GeneMachines) at a concentration of 50 mM in 3| SSC and 1.5 M betaine monohydrate. The air humidity in the spotter was 60 %. The microarray probes were printed in four replicates per slide. SMP 3 pins (TeleChem) were used for the array spotting, generating spots with a diameter of 100 mm. Finally, the slides were stored at room temperature.
Species identification. The 16S rRNA gene was used as phylogenetic marker for the identification of the bacterial pathogens. The gene was amplified using a PCR comprising the universal primers 45f++(59-GCYTAAYACATGCAAGTCGARCG-39) and 783R (59-TGGACTACCAGGGTATCTAATCCT-39). This and other universal primer pairs were designed using the software package ARB, but 45f++/783R achieved the best sensitivity in combination with our microarray probes. Other already published universal primers were not used because our primer combination 45f++/783R targeted our selected pathogen panel best (Frank et al., 2008) . Thus, the other primer pairs that had been tested are not listed. The fungal pathogens were detected using the ITS region of the rRNA gene, and the primers ITS3 (59-GCATCGATGAAGAACGCAGC-39) and ITS4+(59-TCCT-CCGCTTATTGATATGCTTAAGT-39), also designed using ARB. Subsequently, the PCR products were Cy5-labelled in a linear PCR. The Mastermix 16S Basic PCR kit (Molzym) was used according to the manufacturer's instructions. The reaction mixture comprised 180 nM each primer and 1 ml genomic DNA extract. The DNA concentrations in the genomic DNA extracts ranged from 11 to 48 ng ml 21 . The total volume of the PCR was 25 ml. The thermal cycling was performed as follows: 95 uC for 5 min; 30 cycles of 95 uC for 30 s, 64 uC for 30 s, 72 uC for 30 s; a final elongation cycle at 72 uC for 10 min. Subsequently, the PCR products were labelled incorporating Cy5-labelled dCTPs. A 40 ml reaction mixture in Vent R (exo-) MgSO 4 and 0.1 % Triton X-100] comprising 2.6 units Vent R (exo-) polymerase (New England Biolabs), 1 mM MgSO 4 , 0,9 mM 45f++, 50 pM Cy5-dCTP (GE Healthcare), 50 nM dNTPs and 7 ml PCR products was used. The thermal cycling was performed as follows: 95 uC for 5 min; 30 cycles of 95 uC for 30 s, 55 uC for 30 s, 72 uC for 30 s; a final elongation step at 72 uC for 7 min.
Multiplex b-lactamase-encoding gene identification. A multiplex PCR targeting every b-lactamase-encoding gene was used to avoid the obligatory enzymic digestion of the genomic DNA when using padlock probes and to selectively pre-amplify the DNA. The padlock probes have to hybridize in close proximity (max. 250 bp) to open DNA ends in order to enable a subsequent rolling circle amplification (RCA). Thus, the PCR primers were designed within a few bp distance to the hybridization sites of the padlock probes. Additionally, the pre-amplification improves the sensitivity.
The primers listed in Table S3 were used in the 33-multiplex PCR. The Mastermix 16S Basic PCR kit was used according to the manufacturer's instructions. The reaction mixture comprised 8 nM every primer and 1 ml genomic DNA extract. The total volume of the PCR was 10 ml. The DNA concentrations in the genomic DNA extracts ranged from 11 to 48 ng ml 21 . The thermal cycling was performed as follows: 95 uC for 5 min; 30 cycles of 95 uC for 30 s, 64 uC for 30 s, 72 uC for 30 s; a final elongation cycle at 72 uC for 10 min. Then, a ligation mixture comprising 64 padlock probes was added to the PCR mixture. The padlock probes were circularized by a ligation reaction in ampligase buffer [20 mM Tris/HCl (pH 8.3), 25 mM KCl, 10 mM MgCl 2 , 0.5 mM NAD and 0.01 % Triton X-100] comprising 5 units ampligase (Epicentre), 4 mg BSA, 100 pM each padlock probe and 10 ml of the previous PCR in a total volume of 20 ml at 60 uC for 1 h.
C2CA and fluorescence labelling. The detection of b-lactamaseencoding genes was based on a ligation reaction involving padlock probes. Subsequently, the ligated padlock probes were amplified using C2CA. The amplification procedure consisted of two RCA reactions separated by an enzymic restriction reaction (Fig. 1) . The amplification of exclusively circular DNA molecules in high numbers is the main advantage of this amplification method, which is possible due to the strand displacement activity of the Q29 polymerase. Fig. 1 . Schematic overview of the multiplex characterization assay. The genomic DNA is pre-amplified using two separated PCRs targeting the rRNA gene and the b-lactamase-encoding genes. The pre-amplified b-lactamase-encoding genes are detected in a ligation reaction using padlock probes that have specific 59 and 39 ends for the target gene detection, a universal C2CA sequence for amplification, and a unique microarray sequence tag corresponding to a 16S rRNA sequence. The circularized and ligated padlock probes are further amplified by RCA; then, the single-stranded RCA products are monomerized using a restriction enzyme and subsequently circularized to serve as templates for a second RCA. Upon the second ligation reaction, the monomerized RCA products are amplified in the second RCA and these products are used as templates in a linear PCR with a C2CA oligonucleotide as the only primer, resulting in single-stranded and fluorescently labelled DNA. In parallel to this procedure, the rRNA genes are amplified using universal PCR primers. The PCR products are fluorescently labelled, pooled with the labelled C2CA products and hybridized to the microarray.
The C2CA started with the amplification of ligated padlock probes in Q29 polymerase buffer [33 mM Tris/acetate (pH 7.9 at 37 uC), 10 mM magnesium acetate, 66 mM potassium acetate, 0.1 % (v/v) Tween 20 and 1 mM DTT] containing 4 units Q29 DNA polymerase (Fermentas), 125 mM dNTPs, 4 mg BSA, 250 pM oligonucleotide C2CA 2 (59-TACTCGAGGAGCTGCATACAC-39), and 10 ml ligation products in a total volume of 20 ml at 37 uC for 20 min. Then, the polymerase was inactivated by a 2 min incubation step at 65 uC. The RCA products were monomerized using 5 units restriction enzyme Alu I in Q29 polymerase buffer comprising C2CA + (59-GTGTATGC-AGCTCCTCGAGTA-39). A 5 ml aliquot of Q29 polymerase buffer containing the enzyme, 0.8 mM C2CA
+ and 1 mg BSA was added to the first RCA reaction, and incubated at 37 uC for 5 min. Subsequently, the restriction enzyme was inactivated at 65 uC for 5 min. For the circularization of the digested RCA products, 10 ml Q29 polymerase buffer containing 2 mg BSA, 0.25 mM dNTPs, 3 mM ATP, 0.5 units T4 DNA ligase (Thermo Scientific) and 3 units Q29 DNA polymerase were added to the previous restriction reaction, and incubated for 20 min at 37 uC. The combined ligation and RCA reactions were heat deactivated at 65 uC for 2 min.
Subsequently, the C2CA products were fluorescently labelled using a linear PCR. A 25 ml reaction mixture in Vent R (exo-) buffer [20 mM Tris/HCl (pH 8.8), 10 mM (NH 4 ) 2 SO 4 , 10 mM KCl, 2 mM MgSO 4 and 0.1 % Triton X-100] comprising 1.6 units Vent R (exo-) polymerase, 1 mM MgSO 4 , 1 mM C2CA 2 , 2 nM Atto532-dCTP (MoBiTec), 50 mM dNTPs and 6 ml C2CA products was used. The thermal cycling was performed as follows: 95 uC for 5 min; 30 cycles of 95 uC for 30 s, 55 uC for 30 s, 72 uC for 30 s; a final elongation step at 72 uC for 7 min.
Microarray analysis. The detection of b-lactamase-encoding genes and bacterial species was conducted using two different fluorophores. The Atto532-labelled C2CA products and Cy5-labelled rRNA gene PCR products were pooled to enable their parallel detection on the same microarray slide using different fluorescence channels. A total of 15 ml labelled PCR products, 15 ml labelled C2CA products, 1 ml Cy5-labelled BSrev (59-Cy5-AAGCTCACTGGCCGTCGTTTTAAA-39; 50 mmol l 21 ) and 30 ml ExpressHyb hybridization solution were mixed and pipetted on a microarray slide. The slide was incubated in a hybridization chamber with a humid atmosphere at 65 uC for 45 min. Then, the slide was washed in 2| SSC and 0.1 % SDS for 5 min, followed by washing in 0.2| SSC for 2 min and a final washing step in ddH 2 O for 1 min. The slide was dried in a centrifuge and scanned using an Agilent G2505C microarray scanner (Agilent Technologies). Finally, the microarray data were analysed using a statistical classifier for the species identification and Microsoft Excel 2007 for the identification of the b-lactamase-encoding genes.
Statistical classifier. The data analysis was carried out in R (R Core Team, 2014; R: a language and environment for statistical computing; R Foundation for Statistical Computing, Vienna, Austria -http:// www.R-project.org/) using the packages limma, affy and pamr (Gautier et al., 2004; Smyth, 2004; Tibshirani et al., 2002) . Datasets consisted of 323 hybridizations each on the chip as described above. Each pathogen was represented by 2-5 different probes with different sequences. To increase robustness, probes were spotted four times on the array. Each hybridization was represented by one gpr file, which was imported into R/Bioconductor. The signals were normalized using quantile normalization from the affy package. Medians of the four spot-replicates were used for the subsequent analysis. In order to harvest the information contained in the complex hybridization patterns, we employed classification/pattern recognition and crossvalidation of the resulting classification rule. This was archived using nearest shrunken centroid classification as described in Tibshirani et al. (2002) . Briefly, the method computes a standardized centroid for each class. This is the mean gene expression for each gene in each class divided by the within-class SD for that gene. Nearest centroid classification takes the gene expression profile of a new sample and compares it to each of these class centroids. The class whose centroid that it is closest to, in squared distance, is the predicted class for that new sample. As the chip was designed specifically for the task at hand, we wanted to use all information contained with the chips and, thus, employed no shrinkage (feature selection). The classifier was validated in a leave-one-out cross-validation approach and correct classification results are reported.
RESULTS

Evaluation of the pathogen identification microarray
The rRNA gene was used as phylogenetic marker to obtain the species information of the pathogens and analysed using a DNA microarray. The specificity of the assay was evaluated in 323 microarray hybridization experiments (Fig. S1 ). The developed microarray showed a high specificity identifying 93.7 % of the tested isolates correctly. In total, 18 out of 284 hybridizations were not correctly identified. The 16S rRNA genes of the closely related species of the family Enterobacteriaceae and species of the genera Staphylococcus and Streptococcus share a high sequence similarity and, thus, the possibility to differentiate these species based on these genes was limited. The comparison of Fig. S1 (raw data of signal intensities for each species) showing a relatively high amount of crosshybridizations, with the results of Fig. 2 (pathogen identification based on signal pattern recognition) shows that species can be correctly identified even in the presence of cross-hybridizations. The main false positives were within the genera Staphylococcus and Streptococcus and the family Enterobacteriaceae.
Specificity of the combined pathogen characterization
In this work, we optimized the protocol of an existing b-lactamase detection assay and reduced the time necessary for the antibiotic-resistance detection from more than 24 h to less than 7 h. In addition, we successfully combined the detection of two different parameters (b-lactamaseencoding and rRNA genes) using a single microarray probe and, thus, reduced the amount of required microarray probes by 50 % (Fig. 1) . The impact on the specificity and sensitivity of such a combined detection was tested with 18 clinical isolates whose genomes had been sequenced in a previous work. A total of 89 % of the detectable b-lactamaseencoding genes were correctly identified. No difference in specificity was observed between the novel combined pathogen characterization assay testing two parameters in parallel and the already published specialized padlock probe assay. All present bla CMY-2 , bla CTX-M , bla KPC , bla OXA-1 and bla VIM genes were correctly identified. False-negative signals were observed in three cases due to two dysfunctional padlock probes targeting the bla SHV and bla TEM genes. In one isolate, the probes targeting the bla TEM gene generated the only false-positive signal (Fig. S2 ). The very rare blactamase-encoding genes bla CMY-109 and bla could not be detected with the assay because no padlock probes had been included into the assay to detect these genes. The bla CMY-109 gene has been observed only once so far worldwide, the bla ACT-16 gene has been detected twice. The b-lactamase phenotype could be precisely confirmed with the developed assay for 67 % of the tested clinical isolates. However, in five of the remaining six clinical isolates, the mechanism responsible for the observed resistance phenotype could not be explained using whole genome sequencing either. In one isolate, the antibiotic resistance was conferred by the new bla CMY-109 gene, which was only identified using whole genome sequencing.
All tested species (100 %) were correctly identified using the rRNA gene as phylogenetic marker in combination with the b-lactamase detection. The analysis of the two different parameters (b-lactamase-encoding and rRNA genes) using two different fluorophores but targeting a single microarray probe had no significant impact on the microarray results in comparison to two separated microarray analyses.
Sensitivity of the b-lactamase assay
The sensitivity and specificity of DNA-based assays are strongly influenced by the concentration of primers and probes used. High concentrations of these oligonucleotides increase the sensitivity of detection methods but reduce the specificity, because unintended hybridization events occur more frequently. Thus, we optimized the concentration of the primers (8 nM) in the multiplex pre-PCR and of the padlock probes (100 pM) in the ligation reaction testing various parameters (data not shown). Interestingly, the multiplex pre-PCR did not increase the limit of detection (10 4 copies per reaction) when using PCR products as DNA templates. However, a big difference was observed in experiments including or lacking the multiplex pre-PCR if bacterial genomic DNA was used as template. It was not possible to obtain any microarray fluorescence signals using genomic DNA extracts from cell dilutions (10 5 -10 8 c.f.u. ml
21
) if no pre-PCR was conducted. In contrast, our approach of using a multiplex pre-PCR in combination with genomic DNA extracts was successful and the assay was optimized to detect b-lactamase-encoding genes in samples comprising as little as 10 5 c.f.u. ml
. A linear increase of microarray fluorescence intensities was observed when the concentration of c.f.u. ml 21 was increased (Fig. S3) .
DISCUSSION
The development of multiplex detection methods is of great importance for many diagnostic applications. In this work, we present an improved diagnostic test to identify in parallel human pathogens and antibioticresistance genes. Due to the limited multiplexing capabilities of the majority of the established molecular diagnostic methods, the presented method is, to the best of our knowledge, the first to characterize a high number of parameters in pathogens using a single microarray. Several DNA microarrays were developed to analyse a single or a few parameters in pathogens. The PathoChip targets 1397 species and 13 virulence factors (Lee et al., 2013) . However, the method needs high amounts of DNA because the genomic DNA is labelled directly using random primers and, thus, the sensitivity is very low. Additionally, the specificity of the microarray was not evaluated experimentally, which is especially problematic due to the high susceptibility of the microarray technology to non-specific cross-hybridizations.
A microarray for the characterization of extendedspectrum b-lactamase-encoding genes comprising 618 probes was developed by Leinberger et al. (2010) . The array was evaluated using clinical isolates and identified the large majority of targets correctly. However, only four genes could be characterized using the assay. The commercially available antibiotic-resistance detection assays from Check-Points (Check-MDR CT101, CT102, CT103) detect only 16 b-lactamase-encoding genes and important SNPs within these genes (Naas et al., 2010 (Naas et al., , 2011 .
A main advantage of our pathogen-characterization assay concerns the facilitated implementation of new padlock probes into the oligonucleotide panel. Padlock probes tolerate a very high degree of multiplexing (up to 10 000 probes) and can be used also for SNP subtyping (Hardenbol et al., 2005; Porreca et al., 2007) . Thus, new emerging antibiotic-resistance mechanisms or virulent strains can be detected easily upon addition of new padlock probes to the oligonucleotide panel. The method shows little sensitivity to non-specific cross-hybridizations and is independent of experimentally optimized multiplex PCRs (Barišić et al., 2013) . Furthermore, the combined detection of two different parameters using a single microarray probe reduced the amount of necessary microarray probes by 50 %, resulting in a reduced complexity of the rRNA gene microarray, which facilitates the correct identification using the statistical classifier.
The introduction of a statistical classifier combined with a pattern-recognition approach facilitated the species identification due to the incorporation of unique microarray signal patterns of every species (Fig. 2) . The statistical analysis included the generation of a database using normalized values of all hybridization results carried out. Best identification results were obtained by calculating centroids of all signal intensities for each species. The realization of the nearest centroid method based on a leave-one-out evaluation for pathogen identification resulted in high specificities for the investigated isolates. However, misclassifications occur due to the high similarity of variable regions of the 16S rRNA marker gene and due to unpredictable non-specific cross-hybridizations, which are an inevitable limitation of the microarray technology (Koltai & Weingarten-Baror, 2008) . Thus, microarray hybridizations of distantly related species can cluster within the same group and only the combination of several different genetic markers can lead to improved results. In this work, we have provided with the padlock probe assay the technical
